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1973 KVICHAK RIVER SOCKEYE SALMON SMOLT STUDIES 

Kenneth P.  Parker 
Alaska Department of Fish and Game 

Di vision of Commerci a1 Fisheries 
Anchorage, A1 aska 

INTRODUCTION 

The Kvichak River sockeye salmon smolt study was or iginated in  1955 by 
the  Fisheries Research I n s t i t u t e ,  University of Irlashington. In 1961 the program 
became the  respons ib i l i ty  of the Alaska Department of Fish and Game, Division 
of Commercial Fisheries Research s t a f f .  Since the  programs inception,  nineteen 
years ago, annual indices have been obtained of the s ~ r i n q  emiqration of 
sockeye-salmon smol t (Oncorhynchus nerka) from the ~ a k e  ~ i a r k  Lake I1 iamna 
nursery grounds. 

Information obtained from t h i s  program i s  d i rected toward forecast ing age 
composition and magnitude of adu l t  re turns  to the Lake Clark - Lake Iliamna 
system from an evaluation of smolt production a t  various levels  of adu l t  escapement. 

Indices col lected over the past  years  have provided much information on 
population dynamics of the Lake Clark - Lake I1 iamna sockeye salmon. Unfortunately, 
the indices have proven to  be of var iable  r e l i a b i l i t y  as a fo recas t  tool due in 
pa r t  to  inherent  i ne f f i c i enc i e s  of fyke ne t  sampling. 

In 1965 a federa l ly  funded program using funds from Commercial Fisheries 
Research and Development Act (P.L. 88-309), was i n i t i a t e d  to  improve the  index 
o r  obtain an outmigration est imate su i t ab l e  f o r  fo recas t  appl icat ion.  Beginning 
w i t h  f i s c a l  year  1969-70 the program funding was switched t o  the Anadromous Fish 
Act (P.L. 89-304). 

Under the federa l ly  funded program, research was di rected toward the 
development of t o t a l  outmigration hardware and techniques. In 1969 experiments 
were conducted t e s t i ng  the f e a s i b i l i t y  of u t i l  i z inp  underwater sonar f o r  counting 
smol t. I n i t i a l  f i e l d  experimentation w i t h  adu l t  sonar counting equipment 
ver i f i ed  the f ea s ib i l  i t y  of sonar appl ica t ion to smol t enumeration and led t o  
i t s  development f o r  f i e l d  t e s t s  and u t i l i z a t i o n  i n  1970. Improved gear,-,was used 
in the f i e l d  in  1971 and 1972 (Paulus and McCurdy, 1972; Parker, In Press) .  
1973 represents the t h i rd  year  of sockeye salmon smolt outmigration enumeration 
u t i l i z i n g  the Bendix biomass counters. The gro jec t  r e su l t s  are  presented i n  
t h i s  report .  

The index program was maintained i n  IS73 as i n  the past  in the hope t h a t  
i t  w i l l  eventual 1y prove to be proportional to  outmigration est imates i n  order 
to u t i l i z e  h i s t o r i ca l  data.  Such a re la t ionsh ip  would permit the est imation 
of t o t a l  outmigrations from past f.yke net  indices .  



I N D E X  PROGRAM 

Materi a1 s and Methods 

Materials and methods used f o r  the 1973 index nrogram remained s imilar  
t o  those described fo r  previous years (Paul us and ~ c ~ u r d ~ ,  1969; McCurdy and 
Paulus, 1972; Paulus and McCurdy, 1972; Russell, 1972). The index fishing 
s i t e  remained unchanged from i t s  standard location 2-1/2 miles downstream from 
the ou t l e t  of Lake Iliamna (Figure 1 ) .  

A major modification to the indexing system was introduced midway through 
the 1973 s m l t  season, as a r e su l t  of chronic malfunctioning of the 14-year old 
Veeder-Root photo-electric counters. On June 1, i  t became auparent tha t  e i  ther  
extensive repair  or  rep1 acement of the photo-electri c counting equipment was 
needed. Mr. A1 Menin, the designer of the Bendix Smol t counter, volunteered 
his services and examined the malfunctioning photo-electri c equipment. Mr. Menin 
found the photo-counting equipment in need of numerous parts that  were not 
readily available and suggested tha t  he could build a sonar counting system 
applicable to  fyke net sampling. Mr. Menin was given the go ahead and in a 
day and a half ,  designed, constructed, and tested a sonar counting system tha t  
replaced the photo-electric counters fo r  the remainder of the season. 

The major features of the sonar uni t  include: 1 )  12-vol t power system w i t h  
low current drain allowing an en t i r e  seasons operation on a s ingle  car battery,  
2) a temperature insensi t ive electronic  design, 3) a four transducer continuous 
wave counting system consisting of two s e t s  of horizontal ly opposed transducers 
separately monitoring the upper and lower portions of the sampling aperture, 
4) two mechanical d ig i ta l  to ta l izers  tha t  separately reg is te r  the sonar counts 
from the upper and lower se t s  of transducers, 5) a t e s t  pushbutton to verify 
the proper functioning of the counting c i r c u i t s ,  and 6)  transducers tha t  are 
interchangeable with the Bendix Smol t sonar system. In addition to  these 
features ,  the sonar counting system i s  not affected by water turb id i ty ,  a i r  
bubbles in the water column, a i r  temperatures, and humidity, a l l  factors  tha t  
often affected the operating efficiency of the photo-el e c t r i c  counters. 

The index sonar counter works on the principal tha t  a f t e r  smolt enter  the 
wings of the fyke net they are eventually funneled through a 4" x 18" aperture 
upon which the two se t s  of horizontally opposed transducers are mounted 
(Figure 2 ) .  Each pair  of transducers separately monitor portinns of the aperture: 
one pair  samples the upper portions, and the other pa i r  sample the lower portion. 
As a smol t passes between the transducers the sonar beam i s  broken causing a 
count to be registered on the appropriate d ig i ta l  to ta l izer .  In tha t  the 
transducers are res t r ic ted  to a 18 degree beam width, approximately 20% of the 
aperture i s  sampled. As a resu l t ,  the sonar counting system theoret ical ly  
regis ters  one count f o r  every f ive f i sh  tha t  Bass t h r o u g h  the aperture. 

Resul t s  

Cl imatological and Hydrological f nformation. Climatological and hydrological 
information was recorded a t  the Barge Island s ta t ion  from May 15 through 







June 14, 1973 (Table 1 ) .  During t h i s  period water temperdtures ranged from 
37 degrees F .  t o  48 degrees F .  with a seasonal averape of 41 d e ~ r e e s  F .  An 
averaae water  temperature of 39 degrees F. was recorded durina the peak out- 
rnsgration period (May 22-27). \ 'later level  increased a t o t a l  of 4.8 inches 
durina the sarnpl in?  period. 

Minimal i c e  in te r fe rence  was experienced durina the 1973 season with only 
48 hours of index sa rnp l in~  l o s t  on May 19 and 20. Smol t outrniaration was 
observed t o  begin a f t e r  the  i c e  had c leared the r i ve r .  

Index Net Catch. Smolting operations were i n i t i a t e d  May 17, 1973 with 
the i n s t a l  l a t i on  of the index ne t .  Index s a m ~ l i n q  was continued f o r  a t o t a l  
of 28 days. Smolt outmipration beaan on the  21 day of May and continued 
t h r o u ~ h  June 9 ,  w i t h  87 percent of the outmigration occurrinq between May 22 
and May 29 (Figure 3 ) .  

The 24-hour index ne t  catch f o r  the 1973 season t o t a l ed  1,241,715 smol t 
(37.2 index points)  of which 460,845 (37 percent  of the 24-hour index) were 
indexed during the index hours (2200-0100). Index points  and index hours a r e  
defined in Pennoyer and Se ibe l ,  1965. 

Lenqth-Weight-Age Composition. A t o t a l  of 61 one-pound samples were taken 
throuahout the smol t season t o  determine the length frequency d i s t r i bu t i on  of 
the outmiaration. From the lenath frequency samples, 328 s c a l e  samples were 
col l ec ted ,  aged, and recorded along w i t h  t h e i r  respect ive  lenqths and weights. 
The ape c lass  separat ion point  was found t o  be between 87 mm and 88 mm length. 
T h i s  information was then applied back t o  the length frequency samples t o  
determine the  da i ly  age c lass  composi t i ons .  Using t h i s  technique i t  was 
estimated t h a t  the 1973 smol t index catch consisted of 3.57 percent (44,273) 
Aqe I smolt and 96.43 percent  (1,197,442) Age I1 srnolt (Table 2 ) .  . 

Age I and Age I1 smolt a r e  defined as youns sockeye salmon t h a t  have spent  
one and two winters respect ively  i n  lake residence p r i o r  t o  emigration. 

The seasons weighted mean length by age c lass  was determined by applying 
each days mean length by aae c lass  t o  i t s  corresponding days index. The 
r e su l t i np  mean length of the  weighted da i ly  mean lengths f o r  Age I smolt is  
85.6 mm and 97.1 mm f o r  the  Aae I1 smolt.  

Mean weights were derived from the 328 length-wei $ i t - a g e  s a m ~ l e s  which 
gave a length-weisht regression of y= -18.12 + .2717x, where x = length. 

Photo-e lect r ic  Counter Cal ibra t ions  . Fishina w i  t h  the photo-e lect r i  c 
counters beaan May 24 and continued un t i l  June 2 when the system was replaced 
with a new sonar index counter. During the  period of photo-counter operat ion,  
a t o t a l  of 50 ca l i b r a t i ons  were recorded u s i n g  the standard procedures 
(Pennoyer and Seibel  , 1965). 

Analysis of the  50, photo-counter ca l ib ra t ions  ref1 e c t  the sys tems highly 
var iable  performance. Cal ibra t ions  ranaed from 1.68 t o  10.26 f i s h  per count 
w i t h  a mean of 5.95, variance of 5.42 and a standard deviat ion of 2.33 (Table 3 ) .  



Table 1. Weather obse rva t ions ,  Kvichak River ,  May 15  - June  14,  1973. 

wlna A i r  Temperature Water Temp. Water 

Sky Di rection-Veloci ty ( M P H )  ( OF) (OF) Gauge T u r b i d i t y  
Date 0900 2000 0900 2000 Max. Min . 0900 ( f e e  t )  0900 

Skv Codes: T u r b i d i t y  Codes: 
1-Clear .  

1-Clear sky,  cloud cover ing  n o t  more than 1 /10 .  4-Complete o v e r c a s t .  2-Part ly  Cloud. 
2-Cloud cover ing  n o t  more than  112 sky.  5-Fog o r  th ick haze.  3-Cloudy. 
3-Clotid covering m o r e  t h n n  1 1 7  s l r ~ r  Ir-nnhric 





Table  2 .  Kvichak R i v e r  sockeye  salmon s m o l t  24-hour i n d e x  by day and a g e  group,  1973. 

Da te  24-Hour Index  Age I Smolt  Age I1 Smolt  
Noon-Noon Number P e r c e n t  Number P e r c e n t  Number P e r c e n t  

T o t a l  1 ,241 ,715  100.00 44,273 3;57 1 ,197 ,442  9 6 . 4 3  

I/  I n t e r p o l a t i o n  f o r  missed  days  of f i s h i n g .  - 



Table 3. Kvichak River  sockeye salmon smol t  photo-counter c a l i b r a t i o n s ,  index s i t e ,  1973. 

Sample Weight Fish P e r  T o t a l  Counts P e r  F ish  P e r  F ish  Per  
Date Hour Time Pour~ds Pound F i sh  Counts Minute Minute Co un t 

18 Time i n  minutes - Continued 



Table 3. Kvichak River  sockeye salmon smolt  photo-cognter c a l i b r a t i o n s ,  index s i t e ,  1973. (Continued) 

Sample / Weight F i sh  P e r  T o t a l  Counts P e r  Fish Per  F ish  Per  
Date Hour Time - Pounds Pound F i sh  Counts Minute Minute Count 

1/ Time i n  minutes.  - 



Sonar-counter  Ca l ib ra t ions .  The t r a n s i t i o n  of the  index counting equipment 
from ~ h o t o - e l e c t r i  c  t o  the  sonar  was completed the  evening of  June 2 .  The 
sonar  system funct ioned wi thout  a  problem f o r  the  remaining n ine  days of t h e  
season.  A t o t a l  of 63 c a l i b r a t i o n s  were recorded f o r  the  sona r  u n i t  and v e r i f i e d  
i t s  funct ioning  a t  t h e  designed e f f i c i e n c y  of  5.0 f i s h  per  count.  Ca l ib ra t ions  
f o r  the  sona r  u n i t  ranged from 3.05 to  7.45 f i s h  per  count with a  mean of  4.97 
f i s h  per  count ,  variance o f  .98 and s t andard  devia t ion  of .99 (Table 4 ) .  



T a b l e  4 . Rvichak River  sockeye salmon s m o l t  s o n a r  c o u n t e r  c a l i b r a t i o n s  
i n d e x  s i t e ,  1973. 

- -- -- 
Sample Weight F i s h  p e r  T o t a l  Counts p e r  F i s h  p e r  F i s h  p e r  

Date  Hour t i m e 1 1  Pounds pound f i s h  Counts minu te  minute  count  

c o n t i n u e d  



Table 4 . Kvichak River sockeye salmon smolt sonar counter ca l ibra t ions  
index s i t e ,  1973. - (continued) 

Sample Weight Fish per Tota l  Counts per Fish per Fish  per 
Date Hour time L/ Pounds pound Fish  Counts minute minute Co un t 

continued 
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OUTMIGRATION PROGRAM 

Materials and Methods 

S i t e  Selections. A new sonar sampling s i t e  was chosen fo r  the 1973 smol t 
s e a s 0 3 7 3  mile upstream from the index s i t e  (Figure 1 ) .  S i t e  relocation was 
undertaken in an e f f o r t  t o  minimize the e f f ec t  caused by climatological factors  
tha t  reduce sonar operating efficiency. The previous s i t e  a t  the head of Kaskanak 
Fl a t s  frequently experienced high winds blowing down the channel producing white 
capped waves tha t  entrained a i r  and caused fa l se  counts. The north-south orienta- 
tion of the r iver  a t  the new s i t e  minimizes the exposure to the prevailing winds, 
hence eliminating most f a l se  "wind" counts. 

In addition to  meeting the channel characteris t i  cs required f o r  sonar 
operations (smooth even bottom, channel depth l e s s  than 10 f e e t ) ,  the new s i t e  
with i t s  narrower channel (320, f e e t )  affords greater  amount of r ive r  sonif icat ion 
(15 percent sonif icat ion versus 8.5 percent sonif icat ion a t  the Kaskanak S i t e )  
uti  1 i zing the same number of transducers. 

A water velocity profi le  of the new s i t e  was taken a t  the end of the season 
using a Gurley type AA current meter (Figure 4,  Table 5 ) .  The resul tant  water 
flows were related t o  within channel smol t dis t r ibut ion as recorded by sonar. 

Sonar Counting Systems and Operation. Two Bendix smol t counting systems 
were u t i l  ized fo r  the smol t outrnigration enumeration. The 1972 model e lectronics  
were positioned on the west bank and the 1971 model electronics on the eas t  bank. 
Each unit was fished with two arrays,  one f i t t e d  with transducers w i t h  200 f e e t  
o f  e lectronic  cable, and the other with transducers tha t  had 300 f e e t  of e lectronic  
cable. The actual positions of the four arrays a re  i l l u s t r a t ed  i n  Figure 5. 

To aid in sonar array placement a t  7/16 inch s tee l  support cable was strung 
bank to bank wi t h  a winch attached on one bank. The individual array bridles 
were then attached d i rec t ly  to  the main cable, el iminating the need to anchor 
each array separately.  This technique greatly reduced ins t a l l a t ion  time along 
with simp1 i  fying the servicing procedures. 

The counting expans ion technique remained unchanged from tha t  described f o r  
previous years (Parker, In Press).  An extensive count recording system was 
developed fo r  the 1973 season t o  improve the accuracy of count recording and 
allow daily in-season analysis of the outmigration as i t  developed. Nith th is  
system a l l  sonar counts are scrutinized twice daily with invalid counts being 
extracted as they occur and expansion factors  applied a t  the end of every 
24-hour sampl i ng  peri od. 

Calibrations were not taken i n  1973 due to d i f f i c u l t i e s  encountered w i t h  
fyke net anchoring. As a resu l t ,  calibration factors determined in previous 
years were applied to the 1973 sonar counts. For the 1972 electronics the 
cal ibrat ion was 11.81 f i sh  per count; f o r  the 1971 electronics i t  was 9.96 
f ish per count. 
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Table  5 .  Veloci ty  p r o f i l e  d a t a  i n  f e e t  p e r  second, s o n a r  s i t e ,  Kvichak River ,  June 14,  1973. S t a t i o n s  are 20-foot a p a r t  
s t a r t i n g  on the  e a s t  bank; bottom v e l o c i t i e s  a r e  noted  i n  p a r e n t h e s i s  w i t h  t h e  depth noted  below. 

-- 

Depth STATIONS 
Sur face  1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 





Results 

Sonar Sampling. Smolt outmigration enumeration with the Bendix biomass 
counters began May 22 following a three day delay caused by ice interference. 
After instal  1 ation was completed, sonar counting continued uninterrupted until  
the projects termination, June 1 2 .  

Outmigration Estimate. During the 23 days of sonar operation a to ta l  of 
38,315,136 srnolt were counted over the four arrays with 13.20 percent over the 
e a s t  inshore array, 39.28 percent over the eas t  offshore, 9.20 percent over 
west inshore and 38.32 percent over the west offshore. 

Following expansion f o r  the unsonified areas between arrays i t  i s  estimated 
tha t  the 1973 outmigration consisted of 194,126,119 smol t (Table 6 ) .  

Age cl ass composition of the outmigration was cal culated by  applying the 
daily index age class percentages to the corresponding days outmigration. 
I t  i s  estimated tha t  the outmigration consisted of 2.57 percent (4,987,961) 
Age I smol t and 97.43 percent (189,138,158) Age I1 smol t (Table 7) .  

Analysis of the outmigration by day shows two major peaks occurring on 
May 24 and May 27 w i t h  s igni f icant  outmigration between May 22 and June 9 
(Figure 3 ) .  This pattern i s  reflected by the daily catches recorded a t  the 
index s i t e  with the exception of May 23 and 24 when the index catches f e l l  f a r  
be1 ow the levels  recorded by sonar, and May 2 7  when index catches greatly exceeded 
the sonar level.  The observed differences between sonar and index estimates 
are thought t o  be related to the index programs inherent var iab i l i ty .  



Table 6 .  Kvichak River  d a i l y  sockeye salmon smolt  counts  by a r r a y ,  1973. Counts i nc lude  expansions f o r  unsoni f ied  
a r e a s  between a r r a y s ,  wa te r  v e l o c i t y  d i f f e r e n c e s ,  and non-funct ioning t r ansduce r s .  

Date Eas t  Bank West Bank 
Noon-Noon Inshore  O f  f s h o r e  Inshore  O f f  sho re  T o t a l  

T o t a l  

Percent  

11 Percent  c o n t r i b u t i o n  t o  t o t a l  ou tmigra t ion  by a r r ay .  - 



Table 7 .  Kvichak River sockeye salmon smolt outmigra t ion  by day and age group, 1973. 

Date To ta l  Outmigration Age I Smolt Age I1 Smolt 
Noon-Noon Numb e r  Percent  Number Percent  Number Percent  

To ta l  
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1973 NAKNEK ZIVER SOCKEYE SALMON SMOLT STUDIES 

Michael L .  McCurdy 
Alaska Department of Fish and Game 

Division of Commercial Fisheries 
P. 0. Box 37 

King Salmon, Alaska 99613 

INTRODUCTION 

This was the eighteenth year tha t  the Naknek River sockeye salmon 
(Oncorhynchus nerka) smol t study has been conducted, 

The objective of the Naknek River smolt program i s  to obtain an estimate 
of ou tmigration and age composition of emigrating sockeye salmon smol t. 

MATERIALS AND METHODS 

The project was conducted in the same manner as in previous years (McCurdy, 
1972). 

Standard fyke nets four f e e t  in width and four to seven f e e t  in  depth 
were used during the 1973 season. The nets were fished by suspending them from 
a cable stretched across the r ive r  bottom. The fishing s i t e  i s  located 
approximately 8-3/4 miles downriver of the Naknek Lake out le t .  To lower smol t 
mortality l ive  boxes attached to the nets were used throughout the season on 
both the random and index schedules. 

In 1957 and 1958, the en t i r e  r iver  width was fished to determine the most 
productive s i t e s .  Six s i t e s  in the main channel are now fished. Data obtained 
from 1957 and 1958 indicated tha t  88.34 percent of the en t i r e  outmigration passed 
within these s i t e s .  The most productive of the s ix  s i t e s  i s  used as an index 
s i t e  (Van Valin, 1969). 

The basic fishing schedule used f o r  the Latin Square scheme i s  three days 
in length. The f i r s t  day a l l  s i x  s i t e s  are  fished in a random order from 
2100 hours to 8600 hours. Each s i t e  i s  fished f o r  a 90-minute period. Day two 
i s  fished in the same manner, with the addition of the index s i t e ,  which i s  
fished fo r  24 hours o r  from 2100 hours to 2100 hours. During the next 24 hours, 
day 3, no fishing i s  conducted. Random fishing schedules are  s e t  u p  previsus 
to  the season. In th is  manner, a random sample of numbers of smol t i s  collected 
This data i s  then expanded t o  obtain a to ta l  outmigration estimate, using the 
Latin Square method. 



Sampl ing for  age-weigh t-length data was conducted as in previous years. 
The procedure i s  t o  co l lec t  twenty samples previous t o  2400 hours and twenty 
samples a f t e r  2400 hours. In order to  insure tha t  a l l  f ishing s i t e s  are 
sampled throughout the season, ten samples are collected from the s i t e  fished 
from 2100-2230 hours, and then samples are  collected from the s i t e  fished 
from 2230-2400 hours. The following samples are collected in the same manner, 
with the sampling times being 0000-0130 hours and 0130-0300 hours. 

RESULTS 

Table 1 contains a l l  mean water and a i r  temperature data gathered during 
the outmigration. 

The random schedule was in i t i a t ed  on May 28 and terminated on June 26. 
The total  random catch was 39,114 (Table 2 ) .  Forty-six percent of the catch 
occurred from May 28 to June 2 .  A minor peak also occurred on June 10-11. "A 
total  of 38,705 smolt were caught during the index portion of the program 
(Tab1 e 3) . During the random sampl ing hours, 2100-0600, the i ndex net caught 
88.17 percent of the total  24-hour catch. 

The outmigration estimate fo r  1972 was 2,712,150 smolt. The estimate was 
obtained as follows: 

1 . Cal culate the seasonal average random catch per 90 minute s e t :  

Total season catch = 39,114 
No. of s i t e s  fished = 6 

No. of sampling days fished during the season = 20 

Therefore the seasonal average catch per 90-minute s e t  i s  derived by 
3 9 , 1 1 4 / ( 6 )  (20) = 326 

2 .  Estimate the average migration past the sampled section of the r iver  during 
a 90-minute period within a sampling period. 

Average catch per 90-minute period = 326, 
No. of s i t e s  fished = 6 
No. of subsi tes  fo r  which the migration i s  estimated from the 

catch a t  each fishing s i t e  = 6 

Therefore the estimated average migration past the sampled section of the 
r iver  during a 90-minute period within a sampling period i s  derived by 

(326) (6)  (6)  = 11,736 

3. Estimate the average migration past the sampled section of the r iver  per 
sampl ing period. 

No. of 90-minute periods within a sampling period = 6 .  

Therefore, the estimated average migration past the sampled section of the 
r iver  per sampling period i s  derived by: 



1 / TABLE I .  Mean w a t e r  and a i r  t empera tures  by day, Naknek River ,  1973.- 

Mean wa te r  Mean a i r  
Date tempera tures  OF tempera tures  OF 

May 28-29 44.5 40.2 

29-30 48.0 41.6 

May 31. - June  1 47.4 40.4 

1-2 45.5  37.3 

3-4 46.6 40.3 

4-5 47.6 40.0 

6-7 50.3 44.3  

7-8 49.5 41.3 

9 -10 49.4 40.7 

10-11 50.6 44.0 

12-13 51.0 41.5 

13-14 53.2 44.4 

15-16 53.6 43.4 

1/ Both w a t e r  and a i r  temperatures  were recorded f o r  each 90-minute - 
f i s h i n g  pe r iod .  







4. Estimate the average migration past the en t i r e  width of the r iver  a t  the 
sampl ing location per sampl ing period. 

Estimated proportion of migration occurring within the section of the 
r iver  presently sampled = 88.34 percent 

Therefore the estimated average migration past the en t i r e  width of the 
r iver  a t  the sampling location per sampling period i s  derived by: 

70,416/.8834 = 79,710 

Estimate the average daily migration past the sampl ing 1 ocation. 

Estimated proportion of daily migration occurring during the sampl i ng period 
derived by adding the percentages of the total  season's index net catch f o r  
the hours 2100-0600 = 88.17 percent 

Therefore the estimated average daily outmigration past the sampling location 
i s  derived by: 

6. Estimate the to ta l  seasonal migration past the sampling location. 

No. of days fished = 30 

Therefore the estimated total  seasonal migration past the sampling location 
i s  derived by: 

The age composition of the outmigration estimate was 26.77.percent Age 1 ' s  
(726,942), 72.22 percent Age 11 's  (1,958,714) and 1 .O1 percent Age 111's (27,393). 
This i s  next to  the lowest estimate fo r  Age I f ish since the in i t i a t ion  of the 
program while the numbers of Age I1 f i sh  i s  among the lowest since the program's 
in i t i a t ion .  This year i s  the f i r s t  since 1968 tha t  Age I11 smolt have been part  
of the outmigration estimate. Table 4 gives the age composition by date. 

The 1973 outmigration estimate i s  the lowest in the program's history.  This 
might be a t t r ibuted  to the following conditions tha t  existed f o r  brood years 
1970 and 1971. They were: 1 )  high water in the spawning streams allowing f i sh  
to spawn on gravel banks away from the main channel of the stream, 2 )  t h i s  was 
followed by extreme low temperatures in ear ly winter causing the stream water 
levels  t o  drast ical  ly drop, thus exposing many redds to  freezing conditions 
resulting in a high loss of eggs, 3) following th i s  the winters of 1970-71 
and 1971-72 were extremely cold and were followed by l a t e  breakups and l a t e ,  
mild springs. This no doubt resulted in higher than usual f ry  and fingerling 
mortality. I f  t h i s  1 a s t  supposition i s  t rue then the 1971 brood year production 
o f  Age I1 smolt will  probably be f a r  lower than average due t o  high morta1it.y 
levels imposed upon the 1971 Age I finger1 ings in the 1 akes. 



TABLE 4 .  Age c o m p o s i t i o n  o f  t h e  random samplfng c a t c h e s  o f  sockeye salmon s m o l t ,  
by d a t e ,  Naknek River, 1973.  

D a t e  
Random P e r c e n t  Number 
C a t c h  Age I Age I1 Age I11 Age I Age I1 Age 111 

May 28-29 

29-30 

31-June 1 

1-2 

3-4 

4- 5 

6-7 

7-8 

9-10 

10-11 

12-13 

13-14 

15-16 

16-17 

18-19 

19-20 

21-22 

22-23 

24-25 

25-26 

T o t a l  

P e r c e n t  25.?7 72 .22  1 . 0 1  



A t o t a l  o f  745 s m o l t  were  sampled t o  d e t e r m i n e  a v e r a g e  l e n g t h s  and w e i g h t s  
by age  c l a s s  ( T a b l e s  5 and 6 )  . Age I smol t averaged  106  m i  11 i m e t e r s  i n  1 eng th  
and 10 .7  grams i n  w e i g h t .  Age I 1  s m o l t  a v e r a g e  114 m i l l i m e t e r s  and 12 .9  grams, 
w h i l e  Age 1 1 1 ' s  averaged  122 m i l l i m e t e r s  and 15.2  grams. 

H i s t o r i c a l  d a t a  is  p r e s e n t e d  i n  Appendix T a b l e s  9-1 through 9-3. 
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TABLE 5 .  Naknek River  sockeye salmon smolt mean weight i n  grams, 1973. 

Age I Age I1 Age 111 
Percent  of t o t a l  Percent  of  t o t a l  Pe rcen t  of t o t a l  

Date s eason ' s  ca t ch  Mean weight s e a s o n ' s  ca t ch  Mean weight s e a s o n ' s  ca tch  Mean weight 

May 28-29 
29-30 

31-June 1 
1-2 
3-4 
4-5 
6-7 

I 7-8 

2 9-10 
10-11 

I 12-13 
13-14 
15-16 
16-17 
18-19 
19-20 
21-22 
22-23 
2 4-2 5 
25-26 

Age I mean weight = 10.7 Age I1 mean weight = 12.9  Age 111 mean weight = 15.2 



TABLE 6 .  Naknek River  sockeye  salmon smol t  mean l e n g t h  i n  m i l l i m e t e r s ,  1973. 

Age I Age I1 Age I11 
Pe rcen t  of t o t a l  P e r c e n t  of t o t a l  P e r c e n t  of t o t a l  

Da te  s e a s o n ' s  c a t c h  M e a n l e n g t h  s e a s o n ' s  c a t c h  Mean l e n g t h  s e a s o n ' s  c a t c h  Mean l e n g t h  

May 28-29 
29-30 

31-June 1 
1- 2  
3-4 
4-5 
6-7 
7-8 

I 9-10 
w 10-11 
I 12-13 

13-14 
15-16 
16-17 
18-19 
19-20 
21-22 
22-23 
24-25 
25-26 

Age I mean l e n g t h  = 106.4 Age I1 mean l e n g t h  = 114 .3  Age 111 mean l e n g t h  = 121.9 



1973 UGASHIK RIVER SOCKEYE SALMON SMOLT STUDIES 

Thomas R .  Schroeder 
Alaska Department of Fish and Game 

Division of Commercial Fisheries 
Dillingham, Alaska 

INTRODUCTION 

The Ugashi k River sockeye salmon smol t enumeration and sampl i n g  program was 
in i t i a t ed  in 1956 and has been operated annually since then exrept for  1966 
and 1971. Data obtained from th is  program have been used to  estimate total  
abundance by age c lass ,  with average lengths and weights of sockeye salmon smolt 
migrating to sea. These data are used t o  estimate optimum escapement ranges 
and t o  forecast  numbers and age composition of returning adults.  

In addition to  continuing the standard sampling program an e f f o r t  was made 
to examine the f eas ib i l i t y  of sonar application to the Ugashik outmigration 
program. 

MATERIALS AND METHODS 

The sample s i t e  remained unchanged from previous years; 150 yards below the 
ou t l e t  of lower Ugashik Lake. 

Fyke nets were suspended a t  f ive  standard fishing s i t e s  across the r iver  on 
a 280 foot ,  1/2 inch diameter wire cable secured to each bank by deadmen 
(Figure 1 ) .  A pair  of manila head1 ines were attached to the cable a t  each 
fishing s i t e  while numbered f l o a t s ,  t i ed  to each headline, served t o  i d e n t i f . ~  
each s i t e .  

Divided l ive  boxes, as described in Siedelman, 1969, were used on a l l  
nets.  A six-inch diameter rubber tube connecting the 'fyke net t o  the l ive  box 
fac i l i t a t ed  the t ransfer  of the captured smol t into the holding chambers of 
the l ive  box. The application of l i ve  boxes t o  samnl ing procedures has greatly 
reduced smol t mortality from tha t  experienced with cod ends. 

In 1973 the random sampling scheme was fished daily with each s i t e  being 
fished on a random schedule fo r  one hour between 2100-0200. The 
index net s i t e  ( s i t e  4) was fished every fourth day f o r  24-hours to determine 
the percentage of the outmigration occurring outside the random fishing hours. 
During the sampl i ng period of May 17 through June 1 2 ,  the random scheme was 
fished 21 of a possible 27 days. 



Fyke Net S i t e s  

Scale (Feet) 

Figure 1. Ugashik River sockeye salmon smolt sampling s i t e .  
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To insu re  the  a c q u i s i t i o n  o f  rep resen t i  ve length  frequency samples from 
the smol t outmigrat ion,  i n d i v i d u a l  one pound l e n s t h  frequency samples were 
c o l l e c t e d  each n i g h t  a t  the f i v e  random s i t e s  and combined t o  produce a 
composite sample. From the composite sample c o l l e c t e d  each n i g h t ,  a  one-pound 
subsample was e x t r a c t e d  w i t h  lenaths and weiahts recorded. Add i t i ona l  samples 
were taken du r ing  n i g h t s  o f  peak m ig ra t i on .  

Smol t samples were separated i n t o  f o u r  f i s h i n g  periods. Age composit ion 
was determined from readinas o f  452 smol t  scales (Table 3). The percentage 
and mean length  and weight  o f  each age group were determined by p e r i o d  and f o r  
the e n t i r e  season by we igh t ing  the t o t a l  number o f  samples f o r  each p e r i o d  by 
the t o t a l  catch f o r  each ger iod.  

An est imate o f  the  t o t a l  ou tmiara t ion  o f  smol t s  was der ived by the  f o l l o w i n g  
formula: 

where x = est imate o f  t o t a l  smol t outmi g r a t i  on 

xr= average random catch between 2100 hours t o  0200 hours 

To ta l  Random Catch 
per fishifla Yumber of F i sh ing  Days 

a  = number o f  f i s h i n g  s i t e s  across the r i v e r  

Width o f  R iver  
Opening o f  Set 

280 Feet = 35 
8 Feet 

b  = number o f  poss ib le  f i s h i n g  days du r ing  sample p e r i o d  

The expansion c o e f f i c i e n t  ( c )  f o r  a  24-hour est imate was der ived from the  
24-hour index n e t  catches as fo l lows:  

where y  = t o t a l  24-hour index n e t  catches 

z = 24-hour index n e t  catches dur inp  the  random f i s h i n a  
hours o f  2100 hours - 0200 hours 

The r e s u l t i n g  c o e f f i c i e n t  qives the r a t i o  o f  srnolt catches made w i t h i n  the 
24-hour p e r i o d  t o  the catches made du r ing  the  random f i s h i n g  per iod.  

RESULTS 

The random scheme was f i s h e d  21 o f  a  poss ib le  27 days and r e s u l t e d  i n  a 
catch o f  103,242, most o f  which occurred on two days (F igure  2  and Table 1 ) .  
S i t e  4 caught the m a j o r i t y  o f  srnolt w i t h  39.42 percent o f  the catch. 





TABLE 1. Ugashik River  sockeye salmon smolt  c a t ches  i n  t h e  random sampling scheme by 
f i s h i n g  s i t e ,  1973. 

Dai ly  Accum. Da i ly  : 
Date 1 2 3 4 5 T o t a l  T o t a l  of Tota  

May 1 7  - - - 13 8 3 96 9 6 0.09 
19 - 5 3 6 1,114 13  1,168 1,264 1 .13  
20 7 4 0 141  6 158 1,422 0.15 
2 1  0 0 6 5 6 3 65 1,487 0.06 
2 3 0 11 4 3 15 1 70 1 ,557  0.07 

29 1 ,05  8 4,143 346 25,016 3,597 34,160 84,994 33.09 
3 1 1 3 5 2 23  1,320 1,399 86,393 1.35 

June 1 4 1 0 1 2  0 17 86,410 0.02 
2 2 29 3 188 20 7 1,359 2,049 88,459 1 .98  
4 268 11 1,703  2,375 1 4,358 92,817 4.22 

T o t a l  3,504 25,848 22,655 40,701 10,534 103,242 103,242 100.00 

Percent 3.40 25.04 21.94 39.42 10.20 100.00 100.00 100.00 



The 24-hour sampling proaram, conducted on seven days during the season, 
indicated t ha t  95.89 percent of the smolt outmigration occurred during the  
random f i sh ing  hours of 2100 and 0200 and yie lded an expansion coe f f i c i en t  of 
1.043 (Table 2 ) .  The t o t a l  smol t outmiaration es t imate  f o r  1973 was 4,845,677. 

Aqe I smol t comprised 66.6 percent of the outmigration and averaqed 93 
mill imeters in lenath and 7.2 grams in  weight. Aae I1 smolt comprised 32.9 
percent  of the outmigration and averaged 112.9 mill imeters length and 11.9 grams 
weight. Age I11 smol t ,  which a re  r a r e ly  caught, comprised 0.5 percent  of the  
outmipration and averaged 131.5 mi1 1 imeters length and 20.1 grams weight 
(Table 4 ) .  

Weather data i s  contained i n  Table 5. 

SONAR ANALYSIS 

The 1970 model Bendix sonar smolt counter was t rans fe r red  t o  the  Ugashik 
River smolt p ro jec t  t h i s  year  f o r  evaluation as to  the f e a s i b i l i t y  of using 
this more soph is t i ca ted  equipment in f u tu r e  outmigration work. Several problems 
encountered made i t  impossible t o  use the  data gathered t h i s  year  t o  derive 
an outmi gra t ion est imate.  However, the bas ic  unexpanded sonar counts were 
recorded w i t h  f a l s e  counts caused by wind and ra in  being extracted.  

The r e su l t i ng  sonar counts w i t h  adjustments t o  correspond t o  random f i sh ing  
hours a re  contained i n  Table 6 .  The da i ly  percentages of t he  random catch and 
sonar counts durina the  random f i sh ing  hours compared very c lose ly  during the 
season w i t h  a cor re la t ion  coe f f i c i en t  of .95 (Table 7 ) .  

The most s i g n i f i c a n t  d i f ference between the fyke ne t  and sonar gear was 
the es t imate  of the  percentage of smolt outmigration occurring outs ide  of the  
random f i sh ing  hours. The sonar counts contained i n  Table 6 would give an 
expansion coe f f i c i en t  ( c )  of 1.451 and woul d have increased the outmigration 
es t imate  of 6,741,206. I t  was evident  a t  times, based on calm weather, b i rd  
a c t i v i t y  and pat tern  of sonar counts, t h a t  the  smol t were showing nearly 100 
percent avoidance of the  index ne t  during the  dayl ight  hours. 

Despite problems encountered w i t h  sonar operation in the  Ugashi k River 
the preliminary r e s u l t s  from the  1973 season has ve r i f i ed  the potenti  a1 
appl ica t ion of sonar sampling t o  this system. 
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TABLE 2. Ugashik River  sockeye  salmon s m o l t  c a t c h e s  i n  t h e  i n d e x  n e t  d u r i n g  24-hour 
f i s h i n g  p e r i o d s ,  1973. 

May May May May J u n e  J u n e  J u n e  
Time 17-18 2 1-22 25-26 2 9- 30 2-3 6-7 10-11 T o t a l  % 

T o t a l  431 125 1,918 84,546 23,437 3,189 179 113,825 100.00 



TABLE 3. Ugashik River  sockeye salmon smolt  sampling da ta ,  1973.  

Random % of  /I 1 l b .  /I of  {I of 
Smolt Seasons Samples F i sh  S c a l e s  

Pe r iod  Date Catch T o t a l  Measured Measured Read 

1 May 1 7  - 2 3  1 , 5 5 7  1.5 3 2 12 6 0 

2 May 24 - 27 46 ,988  45.5 6 267 120 

3 May 28 - June 1 37,865 36.7 4 220 9 6 

4 June 2 - 12 16 ,832  16.3 8 490 1 7 6  

T o t a l s  103,242 100.0 2 1 1,189 452 



TABLE 4 .  Age, l e n g t h  and  w e i g h t  o f  sockeye  sa lmon s m o l t  by sampl ing  p e r i o d  f rom t h e  
Ugashik R i v e r ,  1 9  73. 

Mean Length Mean Weight P e r c e n t  - 

i n  mm i n  grams Ag e 
o f  Age Group of Age Group Composit ion -- 

P e r i o d  Date  I I1 111 I I I 111 I I1 I11 

1 May 17-23 82.2 114 .2  - 6 . 7  1 3 . 3  88 .7  1 1 . 3  - 
2 May 24-27 96 .5  113 .5  132 7 . 8  1 2 . 3  2 1 . 1  56.9 42.0 1.1 

3 May 28-June 1 9 1 . 1  1 1 1 . 8  - 6.9  11.4 - 71.4 28.6  - 

4 June  2-12 89 .3  113.7  130 6 . 3  11 .5  17.2  80 .8  19.0  0.2 

Weighted 
Averages 

NOTE: Age g roups  I, 11 and 111 d e n o t e  t h e  number o f  w i n t e r s  s p e n t  i n  f r e s h w a t e r .  Season  
a v e r a g e s  w e i g h t e d  by random c a t c h e s .  



1 / TABLE 5. Weather o b s e r v a t i o n s ,  Ugashik River ,  1973.- 

w indL/ Me an 
Direc t ion-Veloc i ty  Water 

(MPH) Temperature 
Date AM PM ( O F )  2 /  - 

May 16 
1 7  
1 8  
19 
2  0 
2  1 
22  
2 3  
2  4 
2  5 
26 
2  7 
2 8  
29 
30 
3 1 

June 1 
2  
3 
4 
5 
6 
7 
8  
9  
10 
11 
12 
13 

1/ Wind v e l o c i t i e s  w e r e  measured w i t h  a  wind gauge which i s  i n a c c u r a t e  ove r  10  mph. - 
2 /  Water t empera tures  were recorded  s i x  t imes  d a i l y .  - 



TABLE 6 .  Sonar counts  by day a d j u s t e d  t o  co inc ide  w i t h  t h e  random 
f i s h i n g  schedu le ,  Ugashik R ive r ,  19 73.11 

Time Accumulative 
Date Pe r iod  Countq Counts 



TABLE 6.  Sonar counts  by day a d j u s t e d  t o  co inc ide  w i t h  t h e  random 
f i s h i n g  schedu le ,  Ugashik River ,  19 73.11 (Continued) 

Time Accumulative 
Date Pe r iod  Counts Counts 

To ta l  13.77 days 363,068 363,068 

1/ Counts con ta in  i n t e r p o l a t i o n s  f o r  some missed f i s h i n g  times. F a l s e  - 
counts  have been e l imina ted  a s  b e s t  poss ib l e .  



TABLE 7 .  Comparison o f  t h e  d a i l y  p e r c e n t a g e s  of  t h e  t o t a l  random c a t c h  and t o t a l  
s o n a r  c o u n t s  f o r  Ugashik  R i v e r ,  19 7 3 .  

S o n a r  D a i l y  % Random D a i l y  % 
Date  Count o f  T o t a l  Catch- 1 / of  To ta l -  1 / 

1/ Taken from T a b l e  1. - 



APPENDIX 



Appendix Table  A-1. Kvichak River  24-hour sockeye salmon smol t  index  ca tches ,  average  
l e n g t h s  and we igh t s ,  1955-1973 

k e  I. Age I1 
Out Average Average T o t a l  ~ o t a l  24-hr. 

migra t ion  Number p e r c e p t 2 /  - l e n g t h  Weight Number p e r c e n t 2 /  - l e n g t h  Weight number $ndexl/ - 

1973 44,273 4  86mm 5 . 1 g  1,197,442 96 97 mm 8 .3  g  1,241,715 37.2 
Nineteen 

r. avg. 614,943 36 88 mm 5.8 g  1,080,937 64 109 mm 10.7  g  1,695,880 50.9 
{/ One index  p o i n t  = 33,340 smolt  
'Zj Numbers o f  Age I and Age I1 f i s h  de r ived  from rounded-off season  pe rcen tages  except  i n  1963, 1964,  1965 and 1966 when - 

rounded pe rcen tages  were de r ived  from numbers of smol ts  o b t a i n e d  by weight ing l e n g t h  frequency d i s t r i b u t i o n  by d d l y  
ca tches .  

3/ 24-hour index  c a t c h  e s t i m a t e d  bv r a t i o s  w i t h  y e a r s  o f  a c t u a l  24-hour f i s h i n g  and from v i s u a l  o b s e r v a t i o n s  o f  amlt 
migra t ion  o u t s i d e  t h e  3-hour index  pe r iod .  

4 /  2 4 - b u r  index  ca tch  e s t i m a t e d  from r a t i o 8  w i t h  t h e  3-hour index  p e r i o d  c a t c h  obta ined dur ing  on ly  2  dayo o f  actual - 
24-hour f i s h i n g .  

51 Estimated from r a t i o  of  1971 index t o  1971 t o t a l  ou tmigra t ion  a p p l i e d  t o  1972 t o t a l  ou tmigra t ion .  - 



Appendix Table  A-2. Percen t  of sockeye salmon smolt  ou tmigra t ion  occur r ing  
d u r i n g  index hours  (2200-0100), Kvichak River,  
1955-1973. 

Percent  outmigrat ion 

11 dur ing index hours  
Year Outmigra t io re  (2200-0100) 

Average 1,312,117 50.531 

1/ The methods used to  expand t h e  3-hour index ca tches  t o  24-hour ca tches  f o r  - 
t h e  y e a r s  1955, 1956, 1959, 1960, and 1961 a r e  expla ined i n  t h e  1964 
smol t r e p o r t .  

21 This  f i g u r e  is n e a r l y  meaningless s i n c e  i c e  flow precluded any e s t i m a t e  of - 
comparative migrat ion by per iod.  

31 Note t h a t  the  average 5 q . 0  migrat ion dur ing the  index hours  is  probably high - 
a s  t h e  pe rcen t  f o r  t h r e e  of t h e  f o u r  y e a r s  showing 82.3% w a s  assumed on the  

b a s i s  t h a t  82.3% of t h e  smolt  i n  1957 migrated dur ing  t h e  index hours.  Sampling 
was not on a 24-hour basis f o r  t h e  years ,  1955, 1956, 1959, 1960 and 1961. - 48 - 



Appendix T a b l e  A-3. Kvichak R i v e r  3-hour sockeye  salmon srr.olt c a t c h e s ,  
1955-19 73. 

Year o f  Age I Age I1 T o t a l  T o t a l  3-hr. 
O u t m i g r a t i o n  Number P e r c e n t  Number P e r c e n t  number i n d e x  

1959 

1960 

1 9 6 1  

1962 

196 3 

1964 

1965 

1966 

196 7 

196 8 

1969 

1 9  70 

1 9 7 1  

1 9  72 

19 4 3  

E i g h t e e n  y r .  
a v e r  a g e  

One i n d e x  p o i n t  = 33,340 s m o l t .  - 

- 49 - 



Appendix T a b l e  A-4. P a r e n t  escapement and c o r r e s p o n d i n g  sockeye  salmon s m o l t  p r o d u c t i o n ,  
Icvichak R i v e r ,  1952-19 72. 

24-hour i n d e x  s m o l t  p e r  
Year o f  Escapement 24-hour i n d e x  s m o l t  produced spawner x l o 3  
spawning i n  thousands  Age I Age I1 T o t a l  Age I Age 11 T o t a l  

1952 
1953  
1954 

1955 
1956 
195 7 

1958  
' 1959 

1960 
I 

1961  
1962 
1963  

1964 
1965 
1966 

196 7 
1968  
1969 

19 70 
19 71 
19 72 

Average 



Appendix T a b l e  8-5. D a t e s  of sampl ing  and peak  p e r i o d s  o f  sockeye  salmon s m o l t  
o u t m i g r a t i o n ,  Kvichak R i v e r ,  1955-1973. 

Sampling Peak Out- % s f  
P e r i o d  Number m i g r a t i o n  P e r i o d  Number T o t a l  

Year  Da te  of days  Date  o f  days  Catch 

19 5 5 5/28-6127 3 1 6 14-9 6 9 4% 

19 5 6 5124-714 42 611-9, 14-16 12 8 8 

1957 5/28-7124 5 8 5128-616 10 84 

19 5 8 5110-715 56 5122-613 1 3  80 

19 59 5/23-6128 3 6 5126-612 8 9 8 

19 60 5118-6/19 3 3 5128-614 8 80 

19 6 1  5/23-6120 2 9 5123-612 11 8 1  

1962 5127-714 39 6 / 2-15 1 4  88 

1 9  6 3 5/16-6/16 3 2 5/24-29, 617-9 9 86 

1964 5119-6/22 3 5 6 / 4-12 9 84 

1965 5117-6/14 28  5/24-30 6 9 1  

19 66 5/18-6117 3 1 6 / 4-11 8 97 

1 9  6 7 5117-6/17 31 5126-616 1 2  80 

Average 

1/ P e r i o d  e s t i m a t e d  from 1972 o u t m i g r a t i o n  r e s u l t s .  - 
2/  P e r c e n t a g e  t a k e n  from 1972 o u t m i g r a t i o n  r e s u l t s .  - 



Appendix Table A-6. Pa ren t  escapement and corresponding pe rcen t  of  
Age I1 sockeye salmon smolt produced, 1952-1970. 

Pe rcen t  Age I1 
Year Escapement smol t produce&/ 

11 Based on 24-hour index ca tches .  - 
2 /  Estimated on b a s i s  of 2-ocean r e t u r n s  i n  1956 and 52 f i s h  i n  1957 vs.  - 

53 f i s h  i n  1957 and 63 f i s h  i n  1958. 





Appendix Table A-8. Kvichak River  sockeye salmon smolt i n d i c e s  and 
corresponding a d u l t  r e t u r n  pe r  indexed smol t ,  1952- 
1966. 

Brood T o t a l  Smolt , 

Year ~ n d e x l /  Adult  Re t u r d /  ~ e t .  / smol t  

1/ I n  thousands. - 



Appendix T a b l e  A-9. Comparat ive  a g e ,  length., i n d e x  n e t  c a t c h e s  and o u t m i g r a t i o n  e s t i m a t e s  o f  sockeye  
salmon s m o l t  from t h e  Kvichak R i v e r ,  1960-1973. 

-- 
Age I ~ /  Age 111/ 24-hr. 24-hr. 

Year o f  Mean l e n t h  Mean Length I n d e x  I n d e x  Outmigra t ion  
Outmigra t ion  P e r c e n t  (mm) P e r c e n t  (mm) P o i n t s  Ca tch  ES t imate1/ - 

l/ Age c l a s s  compos i t ion  and mean l e n g t h  d a t a  c o l l e c t e d  from i n d e x .  -- 



APPENDIX TABLE B-1. Average f o r k  l e n g t h s  and w e i g h t s ,  Naknek R i v e r  sockeye  salmon s m o l t s ,  
1957-1973 .u  

Year  o f  Age I Age 11 
Seawarc' % Age Length Weight % Age Length Weight 

M i g r a t i o n  c l a s s  mrn . grams c l a s s  mm . grams 

195 7 57.9 111 1 3 . 1  42.1  112 1 3 . 1  

1958  96.4  9 1  6.9 3.6 114 11.3 

1959 80.5 9 7 8.2 1 9 . 5  1 0  6 1 0 . 1  

19 60 5 3 . 1  99 8 .8  46.6 109 11.9 

19 6 1  77.8 10 3 1 0 . 8  22.2 1 1 3  13 .8  

19 62 48.6 1 0  5 10 .4  51.4 112 1 2 . 5  

19 6 3 40.6 9 8  8 . 1  58.5 114 1 2 . 8  

19 64 31 .1  9 7 7.7 68 .8  110 11.0 

1965 59.6  9 9 8.4 40 .O 114  13.0 

1966 33.8 10 6 1 0 . 6  66.2 1 1 8  14.2  

196 7 43.5 11 3 13.1 56.2 119 14.7  

1968 41.2 9 9 8 .4  56.7 1 0 8  11.1 

1969 59 .8  10 0 7.5 40.2 112 1 2 . 1  

19 70 5 5 . 3  100 9 .0  44 .8  1 1 4  1 2 . 1  

19 7 1  74 .O 1 0  2 8 .8  26.0 120 1 3 . 5  

19 72 6 . 5  9 8  9 . 1  93.5 110 11.9 

19 73 26.8 10 6 1 0  7 72.2 114 12.9 

-- - 

T o t a l s  886.5 1 ,724  159.6  808.5 1 ,919 212.0 

Average 5 2 . 1  1 0  1 9.4 47.6 1 1 3  1 2 . 5  

- -- - 

11 Age 111 s m o l t  n o t  i n c l u d e d .  - 



APPENDIX TABLE 3-2. P r o d u c t i o n  o f  sockeye sa lmon s m o l t  by b rood  y e a r ,  Naknek R i v e r ,  
1/ 19 56-19 7 1  .- 

Brood Smol t s  Produced a t  Age 
Year E s  cap emen t I I I I11 T o t a l  

T o t a l  15,537,215 91,940,365 82,085,573 693,670 171,348,255 

Average 971,076 5 ,746,273 5,472,372 49,548 12,239,161 

Average % 51.0 48.6 0 .4  

11 P r o d u c t i o n  from 1954 and 1955 brood  y e a r s  were  o n l y  p a r t i a l l y  sampled i n  1956 - 
and 1957.  



APPENDIX TABLE B-3. Sockeye salmon s m o l t  o u t m i g r a t i o n s ,  Nab-ek River ,  1956- 
1973. 

- 
Year of 
Seward Number a t  Age 
K i g r a t  i o n  I I1 111 To t a l  

To t a l  98,794,766 84,663,756 693,670 184,152,192 

Average 5 ,488,598 4,703,542 38,537 10,230,677 

Average % 53.6  46.0 0 . 4  100.00 



APPENDIX rfiBLE C-1.  Average l e n g t h  and w e i g h t  o f  Ugashik R i v e r  sockeye  sa lmon s m o l t s  
by f r e s h w a t e r  age  g roup ,  1958-1973.L/ 

Year Sea- Age I Age I1 
ward M i g r a t i o n  Length Weight Length Weight 

14-Year T o t a l  1 , 2 7 5 . 3  

14-Year Average 9 1 . 1  

1/ 1958-1968 Weighted by i n d e x  c a t c h ;  1969-1973 w e i g h t e d  by random c a t c h .  - 
21 Age 111 s m o l t  averaged  129.0  mm and 1 4 . 3  grams. - 
31 Age 111 s m o l t  averaged  131 .5  mm and 2 0 . 1  grams. - 



APPENDIX TABLE C-2. Ugashik R i v e r  sockeye  salmon escapements  and s m o l t  p r o d u c t i o n ,  1956-1971. 

Brood Ugashik R i v e r  M i l l i o n s  of Smolt  Produced Smol t  P e r  
Year Escapements Age I Age I1 Age 111 T o t a l  Spawner 

1956 425,295 1 1 . 4  0 . 4  0 . 0 1  11.9 28.0 

1957 214,802 2 .5  2 . 2  - 4 . 7  21.9 

19 5 8 279,546 3 .3  3.0 - 6 . 3  22.5 

1959 219,228 0 . 8  3.2 - 4.0 18.0 

19 60 2,304,200 1 3 . 5  1 8 . 1  - 31.6 13.7 

1961  348,639 15.6  2 .O - 17.6  50.5 

19 62 255,426 8 .0  2 . 6  - 10 .6  41.5 

1963 388,254 1 .0  -11 - - 1. o&/ - 

16-Year T o t a l  8,344,090 105.0- 3/  41.8kl  0 . 0 4  146.9- 3/ 2 9 7 . 2 1  

16-Year Average 521,506 7.5- 31 3.2- 4/  0 . 0 1  10.5- 3 / 21.221 

11 No o u t m i g r a t i o n  estimates f o r  1966 o r  1971. - 
21 Age I1 s m o l t  from 1971  escapement w i l l  n o t  l e a v e  f r e s h w a t e r  u n t i l  1974.  - 
31 14-year t o t a l  and a v e r a g e .  - 
41 13-year t o t a l  and average .  - 



APPENDIX TABLE C-3. Comparative a g e ,  l e n g t h ,  i n d e x  n e t  c a t c h e s  and o u t m i g r a t i o n  e s t i m a t e s  of 
sockeye  sa lmon s m o l t  f rom t h e  Ugashik R i v e r  sys tem,  1956-1973. 

Year of  Age I Age I1 Index  Out- 
Seaward Mean Length Mean Length  Index  N e t  M i g r a t i o n  
M i g r a t i o n  P e r c e n t  i n  mm P e r c e n t  i n  mm P o i n t s  Catch E s t i m a t e  

19 56 11.0 - 89.0 - - - - 

1957 4.0 - 96 . O  - - - - 

19 5 8 9 8 . 1  93.0  1 .9  112.0 100.0  301,232 11,659,905 

1959 87 .3  90.0  12 .7 120.0  36.5 109,982 2,887,002 

19 60 5 9 . 7  90 .O 3 9 . 3 Y  108.0 75.1 226,317 5,503,646 

1961 20.4 90 .O 79.6 112.0 5 2 . 3  157 ,441  3,802,079 

1962 80.7  88.0 1 9 . 3  112 .O 1 0 3 . 1  310,616 16,692,089 

19 6 3 46.3  89.8  5 3  . 7 Y  1 0 4 . 3  305.2 919 ,451  33,750,496 

1964 80 .1  92 - 2  19.8Ll  118 .3  6 8 . 1  205,145 9 ,990,048 

1965 28 .8  93 .7  71.2 1 1 4 . 1  57.4 172,893 3,640,115 

1967 52.5 87.5 47.5  1 1 3 . 1  30.9 93,068 5 ,137,063 

1968  9 3 . 1  92.8  6.9 112.6 145.9 439,587 42,205,912 

196921 59.7  97 .4  40.3 121.2 21 .3  63,999 5,048,673 

19 70/ 57 .5  97.0 42.5 124 .8  - - 1,306,430 

2 / 1 9  72- 1.6.1 80.8 83.9 111.5 - - 662,918 

1 9 7 g 1  66.6  9 3 . 1  32.9 112.9  - - 4,845,677 

1/ 1 . 0  p e r c e n t  Age I 1 6  i n  1960;  0 . 1  p e r c e n t  Age 111 i n  1963 and 1964;  2.0% Age I11 i n  - 
1972; and 0.5% Age III i n  1973. 

2 /  Age and l e n g t h  were  w e i g h t e d  by t h e  random c a t c h e s .  - 
NOTE: Age Group 1 and I 6  d e n o t e s  t h e  number o f  w i n t e r s  s p e n t  i n  f r e s h w a t e r .  Age l e n g t h  

a r e  w e i g h t e d  by t h e  i n d e x  c a t c h .  



Becaure the Alaaka Department of Firh and Game receives federal funding, all of itr 
public program and activities are operated free from discrimination on the barir of race, 
religion, color, national origin, age, sex, or handicap. Any perron who believes he or rhe 
haa been discriminated againrt rhould write to: 

O.E.O. 
U.S. Department of the Interior 
Waahington, D.C. 20240 
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